Background: Fruit juice and soft drink consumption have been shown to be related to obesity. However, this relationship has not been explored in Eastern Europe. The present study aimed to assess the cross-sectional and longitudinal relationships between fruit juice, soft drink consumption and body mass index (BMI) in Eastern European cohorts. Methods: Data from the Health, Alcohol and Psychosocial factors in Eastern Europe population-based prospective cohort study, based in Russia, Poland and the Czech Republic, were used. Intakes of sugar-sweetened beverage (SSB), artificially-sweetened beverage (ASB) and fruit juice were estimated from a food frequency questionnaire. Participant BMI values were assessed at baseline (n = 26 634) and after a 3-year follow-up (data available only for Russia, n = 5205). Results: Soft drink consumption was generally low, particularly in Russia. Compared to never drinkers of SSB, participants who drank SSB every day had a significantly higher BMI in the Czech [b-coefficient = 0.28; 95% confidence interval (CI) = 0.02-0.54], Russian (b-coefficient = 1.38; 95% CI = 0.62-2.15) and Polish (b-coefficient = 0.83; 95% CI = 0.29-1.37) cohorts. Occasional or daily ASB consumption was also positively associated with BMI in all three cohorts. Results for daily fruit juice intake were inconsistent, with a positive association amongst Russians (b-coefficient = 0.75; 95% CI = 0.28-1.21) but a negative trend in the Czech Republic (b-coefficient = À0.42; 95% CI = À0.86 to 0.02). Russians participants who drank SSB or ASB had an increased BMI after follow-up. Conclusions: Our findings support previous studies suggesting that soft drink consumption (including SSBs and ASBs) is positively related to BMI, whereas our results for fruit juice were less consistent. Policies regarding these beverages should be considered in Eastern Europe to lower the risk of obesity.
Introduction
Cardiovascular disease (CVD) mortality and morbidity rates in Eastern European countries (EECs) are considerably higher than in the West (1) . This health gap emerged in the 1970s, became more pronounced after the political reconstruction in the early 1990s and, despite some reduction in recent years, it still exists today (2) .
It is likely that unhealthy diet has contributed to the high CVD rates in EECs (2) (3) (4) . For example, the subsidy of foods with a high saturated fat content could have contributed to the excessive consumption of such products before the 1990s (3) . More recent data from EEC show that intakes of saturated fats, sugar and meat products are still too high, whereas the consumption of fruits and vegetables is lower than World Health Organization (WHO) recommendations (5, 6) . Other diet-related risk factors, such as obesity, could have also contributed to the health gap between Eastern and Western Europe. Obesity rates have almost tripled over the last 30 years globally (7, 8) , and similar trends can be observed in EEC. (9, 10) Projections suggest a considerable further increase in the prevalence of obesity in EECs by 2050 (11) .
The consumption of soft drinks, including sugar-sweetened beverages (SSBs) and artificial-sweetened beverages (ASB), has increased substantially during the past decades in most parts of the world (12) . Although Eastern Europeans are considered to be low consumers in this aspect (13) , increasing trends can be observed here too, particularly after the political reconstruction in 1990 (12) . Because most previous studies show that regular soft drink consumption is related to a higher body mass index (BMI), these products may be partly responsible for the global obesity epidemic (14) (15) (16) (17) . However, the available evidence is not entirely consistent (18, 19) . A similar debate has emerged regarding fruit juice consumption (20, 21) . Although moderate fruit juice intake may provide nutritional benefits and does not appear to have a negative impact on body weight measures, (20) some studies have shown that their regular intake was positively associated with long-term weight gain (21) .
Consumption patterns of soft drinks and fruit juices have not been explored in Eastern European adults, and their association with obesity within this region has not been assessed. Using data from the Health, Alcohol and Psychosocial Factors in Eastern Europe (HAPIEE) prospective cohort study, we examined the cross-sectional relationship between fruit juice/soft drink consumption and obesity in Russian, Czech and Polish cohorts, and we explored whether these drinks affect BMI change over time in the Russian cohort where follow-up data were available.
Materials and methods

Study sample
The HAPIEE study is a multicentre prospective cohort study with participants recruited in Russia, Poland and Czech Republic (22) . The cohorts in each country consisted of random samples of men and women aged 45-69 years at baseline, who were selected from population registers in Novosibirsk (Russia), Krakow (Poland) and six towns in the Czech Republic, stratified by gender and 5-year age groups. The overall response rate was 59% (22) . From 28 945 participants at baseline, those who had missing data on the exposure (n = 718), outcome (n = 46) and covariates (n = 1283) were excluded from the sample. Individuals with extreme values for weight (more than 200 kg), height (more than 205 cm) and energy intake (more than 5000 kcal day À1 or less than 500 kcal day À1 ) were also excluded (n = 264). After these exclusions, the analytical sample for the cross-sectional assessment consisted of 26 634 individuals. In addition to the cross-sectional analysis with baseline measurements, BMI change over time was assessed in the Russian cohort. From the 6182 individuals who participated in the second wave of the study in this country, data on height and weight measurements were available for 5205 people.
Data collection
Baseline survey (wave 1) was conducted between 2002 and 2005. In Russia, questionnaires and examinations were carried out in a clinic. In Poland and the Czech Republic, questionnaires were completed at home and examinations were carried out in a clinic. The structured questionnaires covered health, lifestyle, food frequency, socioeconomic circumstances, psychosocial factors and psychosocial environment at work. The examination included anthropometric, physical, cognitive and blood evaluations. The cohorts were re-interviewed in 2006-2008 (wave 2) (22) , although height and weight were measured only in Russian participants; therefore, longitudinal evaluations analyses could not be performed in the Polish and Czech cohorts.
Participants were asked 'how often, on average in the last 3 months they consumed specific foods and drinks', details of this dietary data collection procedures with food frequency questionnaires (FFQ) have been described earlier (23) . The FFQ item that asked the participants about the intake of non-alcoholic carbonated (fizzy) drinks, such as coke, fizzy orange or lemonade, was used to estimate SSB consumption, whereas the item on lowcalorie (diet) carbonated drinks was used for ASB. Fruit juice intake was also assessed with one FFQ item which asked about the intake of fruit juices, such as apple drinks. For all fruit juice and soft drinks, one drink was equivalent to 200 mL. For the current analysis, all participants were classified into three categories of their SSB, ASB or fruit juice consumption: never drinkers, occasional drinkers (less than one drink per day) and daily drinkers (one or more drinks per day). Three categories were specified to assess the gradient in the potential effect and not just the difference between drinkers and nondrinkers.
Measured and self-reported height and weight were used to calculate the BMI. Height was measured using a mechanical stadiometer and weight was assessed with an electronic scale (both measurements were obtained without shoes and outer clothes) (23) . At baseline, 3085 (10.7%) participants had missing data on either measured weight or measured height; to avoid losing so many subjects, missing data of measured weight and height were replaced by self-reported weight and height, respectively. This replacement was based on a high correlation between the measured and self-reported data in participants with both indicators available (r = 0.97, r = 0.95). For further confirmation, we also ran the analysis on participants with measured BMI values, and the results obtained were similar to our main findings. BMI was calculated dividing body weight by the square of body height (kg m -2 ). In line with the WHO categorisation of BMI for adult population, obesity was defined as BMI ≥30 kg m -2 .
In the second wave of data collection in the Russian cohort, measured height and weight was used to calculate BMI. The change in BMI was obtained by subtracting BMI at baseline from BMI in wave 2.
Ethical approval
All participants provided informed consent prior to their inclusion in the study. Study protocols were approved by ethical committees at University College London, and all participating centres in Poland, Russia and the Czech Republic and have therefore been performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments.
Statistical analysis
The cross-sectional associations between the exposure (fruit juice, SSB and ASB consumption) and outcome (BMI) variables were assessed with multivariable-adjusted linear and logistic regression models. In the linear regression, BMI was used as continuous variable, whereas, in the logistic regression models, BMI was dichotomised in two categories: obese (BMI ≥30 kg m -2 ) and non-obese (BMI <30 kg m -2 ). All associations were assessed in three models. In model 1, these were adjusted for age and sex. In model 2, they were further adjusted for socio-demographic variables, such as education and marital status. Finally, in model 3, lifestyle factors that can act as potential confounders, including smoking, alcohol consumption, physical activity, energy intake and fruit and vegetable consumption, as well as previously diagnosed chronic diseases, such as diabetes, CVD or cancer, were also included.
Because we found statistically significant heterogeneity in country cohort-specific associations of SSB, ASB and fruit juice consumption with BMI (P < 0.001), all results are presented separately in the Czech, Polish and Russian samples, and pooled results are not shown. No other covariates emerged as significant effect modifiers across the three cohorts.
In the longitudinal analysis, associations between the exposure (fruit juice, SSB and ASB) and changes in BMI were examined using multivariable logistic regression models. For this analysis, an increase in BMI of more than 1 kg m -2 between wave 1 and 2 was used as the main outcome variable. As a result of the low number of daily soft drink consumers and the consequent impact on statistical power, in this part of the analysis, we compared only two categories of participants: drinkers and nondrinkers.
All tests were performed with STATA, version 15 (Stata-Corp, College Station, TX, USA). P < 0.05 was considered statistically significant.
Results
Descriptive characteristics of the sample are shown in Table 1 . The mean BMI in the analytical sample was 28 kg m -2 or higher in all three cohorts. With the exception of SSB intake among Czech participants, soft drink consumption was generally low, particularly in Russia, where the prevalence of daily SSB and ASB consumption was <2% and 1%, respectively. Fruit juice consumption was also found to be relatively low, with less than 10% of the sample reported to drink it every day in Russia and the Czech Republic.
In the bivariate analysis (Table 2) , almost all of the covariates were associated with fruit juice, SSB and ASB consumption in the pooled sample. Daily fruit juice consumption was found to be considerably more common in females, participants with higher education and abstainers from alcohol, as well as among those who reported higher physical activity. By contrast, regular SSB intake was more common in males, individuals with lower education and regular alcohol drinkers, as well as in those who reported less exercise. Both SSB and ASB were more common in younger compared to older participants, as well as among regular smokers and among those who eat high amounts of fruits and vegetables. These results were largely similar if the associations were examined separately in the three countries (data not shown). Table 3 shows the results of the multivariable-adjusted linear regression analysis for the association of fruit juice, SSB and ASB consumption with BMI, separately by country-cohorts.
Participants who drank fruit juice every day had significantly higher BMI compared to never drinkers in the Russian sample, and a similar positive trend, although statistically not significant, was found in Poland. However, the direction of the association was the opposite in the Czech cohort, indicating lower BMI among daily fruit juice drinkers with borderline statistical significance after multivariable adjustment.
Regarding SSB, we found a positive association with a clear dose-response gradient across occasional and daily drinkers in all three cohorts. Compared to never drinkers, individuals with occasional or regular ASB intake had a significantly higher BMI in the Czech and Polish cohorts, whereas this positive association was statistically significant among occasional drinkers in Russia.
Results were similar when the associations were examined with logistic regression models using obesity (BMI > 30 kg m -2 ), as the main outcome variable (n = 8358) (see Supporting information, Table S1 ). Table 4 shows the results of the multivariable logistic regression models for the association between fruit juice/ soft drink consumption and an increase in BMI of more than 1 kg m -2 over an average follow-up of 3 years among Russian participants. BMI increased by more than 1 kg m -2 in 1789 participants (34.4% of the sample), whereas it decreased or increased <1 kg m -2 in 3416 people (65.6%). The mean (SD) change of BMI in these groups was 2.4 (2.6) kg m -2 and À0.56 (1.3) kg m -2 , respectively. We found that SSB and ASB intake was significantly related to BMI increase. On the other hand, fruit juice consumption was associated with lower risk of BMI increase but this association was not statistically significant.
Discussion
Main findings
In the present study investigating soft drink and fruit juice consumption in three Eastern European cohorts, we found a relatively low prevalence of daily consumption of both, particularly in Russia. Despite some inconsistencies across cohorts, the cross-sectional analyses indicated that occasional or daily SSB and ASB consumptions were related to higher BMI. The prospective analysis of the Russian cohort also suggested that individuals who occasionally drank these food products had a higher risk of increased BMI at follow-up. The results on fruit juice consumption were inconsistent because the BMI of regular drinkers, compared to never drinkers, appeared to be higher in the Russia and Poland but lower in the Czech Republic.
Interpretation of the results
Overall, 10.3% of the participants reported that they drank fruit juice every day, which is lower than the intakes reported for Western European countries. (16) The observed rates of daily soft drink consumption of 8.2% and 4.6% for SSB and ASB, respectively, are low compared to global reports from 2016 (13, 16) . However, the mean age of our respondents was 58 years, and drinking of SSB is much more common at a younger age. For example, everyday consumption of fruit juice was observed in 28% and SBB in 17% of young people in Poland. (24) Furthermore, because the data for the present study were collected in 2002-2004, consumption habits may have subsequently changed. Nevertheless, more recent surveys also suggest a relatively low intake of sugary drinks in Russia (25) .
Our results for the association between soft drinks, fruit juice consumption and BMI are generally consistent with existing literature. Previously published studies that examined the link between fruit juice intake and obesity often produced conflicting results (26, 27) . Although fruit juice consumption has been associated with a small amount of long-term weight gain (28) , a moderate amount of fruit juice could be recommended to different populations without detrimental effects on weight (20) . Because the sugar content of fruit juice is similar or higher than those of whole fruits, whereas it contains much less fibres, its beneficial effect on health is probably weaker compared with fruits (29) . In the present study, the conflicting results between the Czech and Russian cohorts may be also explained by residual confounding, such as a stronger link between fruit juice intake and a health-conscious lifestyle in the Czech Republic.
Regarding SSB, we found that occasional or everyday consumption was associated with higher BMI in all three cohorts. This result is consistent with previous evidence obtained from other populations, as supported by both observational studies and randomised controlled trials (14, 30, 31) . For example, in a recent systematic review, among 26 observational studies, only one reported no association between SSB intake and weight gain (30) .
In terms of possible mechanism, SSB consumption can lead to weight gain either directly, through higher energy intake from the drinks themselves, or indirectly through energy intake from other food products, because calorie intake from liquid carbohydrates could result in less satiety (32) .
Despite the relatively consistent literature, the strength of the relationship between SSB consumption and obesity, as well as the independence of this association from potential confounding factors, is difficult to establish (33) . To overcome the methodological limitations inherent in observational studies and strengthen the evidence further, high-quality randomised controlled trials with adequate design and sample size are clearly warranted (33) .
In our analysis, the most consistent positive relationship with obesity was found for ASB intake, also known as diet sodas. As opposed to SSBs, which contain added caloric sweeteners, such as sucrose, high-fructose corn syrup or fruit-juice concentrates, ASBs contain nonsugar sweeteners (34) . Several previous studies on ASB consumption are in accordance with our findings. For example, a higher intake of ASB was found to be related to increased body fat in UK children (35) . Among adults, previous studies found positive relationships of ASB consumption with BMI, abdominal obesity and metabolic syndrome (36) (37) (38) . In addition, there is some evidence that increased BMI may play a role in the link between ASB intake and the risk of diabetes (36) . However, the available evidence is inconsistent, and there are several potential explanations for the observed positive associations between ASB intake and obesity. (33) These may include (i) reverse causation, meaning that people tend to drink ASB instead of SSB when they have obesity (38) ; (ii) an increase in sweet preference and appetite associated with ASB consumption (39) ; and (iii) common artificial sweeteners used in ASB, which could generate a similar body response in terms of satiety compared to SSB (40) . Therefore, future studies that examine the metabolic effects of ASB are still needed.
The results of our longitudinal analysis in Russia are similar to what has been observed in other prospective studies. For example, an increase in body weight of 4-5 kg was found in women whose SSB consumption changed from occasional to everyday over 4 years of follow-up (41) . Another US-based cohort study indicated significant increase in the risk of obesity and overweight over time among those who consumed ASB every day (17, 39) .
Limitations and strengths
The present study has several limitations that need to be taken into account when interpreting the results.
First, the cross-sectional design of our study does not allow a clear interpretation of temporality, and reverse causation may play a role in some of the observed relationships. For example, people with obesity might reduce their soft drink consumption leading to potential misinterpretation of the main association. Reverse causation might be also the plausible explanation for the observed positive association between ASB intake and obesity. However, the fact that the longitudinal assessment of BMI change over time provided similar results may serve as internal validation and makes this possibility less likely.
Second, the measurement of fruit juice and soft drink intake by FFQ is likely to be imprecise, and this may lead to misclassification of these exposures and inaccurate estimates of the associations. The FFQ is a common method for assessing dietary patterns in epidemiology, although it has been criticised as being imprecise and affected by information bias (42) . Self-reported measures of fruit juice are prone to under- (36) and over-reporting (43) , and soft drink consumption is prone to under-reporting (30) . The validity of the dietary data in HAPIEE study was tested using biomarkers regarding fruit and vegetable consumption. However, no such assessment was possible for fruit juice and soft drinks (44) . Similarly, self-reported weight and height were also prone to misclassification of BMI. However, the high completeness of objective measurement and the high correlation between self-reported and measured weight and height make this bias less likely.
Third, the moderate response rates and urban character of the HAPIEE cohorts make is impossible to generalise the findings to the whole population. It is also likely that responders were healthier compared to the general population. However, these issues should not affect the internal validity of our results.
Fourth, although the large sample size is an important strength of the present study, the fact that only a small proportion of participants consumed fruit juice and soft drinks on a regular basis reduces the statistical power of the analysis. This can lead to wide confidence intervals and may be the reason for some of the observed nonsignificant associations. Finally, the residual confounding is inherent to the observational study design. Nevertheless, the multiple adjustment for several socio-economic and lifestyle variables reduce this possibility.
The main strengths of the present study are that this is one of the largest cohort studies to investigate the relationship between fruit juice/soft drink consumption and BMI in Eastern Europe. It is also important that the Russian cohort has a longitudinal element allowing assessment of the role of fruit juice/soft drink consumption in BMI change.
Conclusions
Our findings support the hypothesis that soft drink consumption, including both SSBs and ASBs, is positively related to BMI and may lead to obesity. However, the findings regarding the role of fruit juice were inconsistent. Policies regarding soft drink beverages may need to be considered in Eastern Europe to reduce the rates of obesity in the region. 
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